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¢ A look to the past 
e¢ Experimental techniques 


e Electron tracking 


e IXPE the mission 


e IXPE the science 


What is polarization? : . : 

¢ Polarization is a property of electro-magnetic waves connected 
with the direction of the electric and magnetic fields which are 
themselves transverse to the direction of propagation. 


as | a Loon a SO | | ox 0n8 (0) 0 NO) MN | SINC) (51010 8 (OMMAY{ 310110) GU Lats 1 Mmm O(SIK3) ga0lla(summi als 
(oli cexeidle)a ie) mtatom ele)t-layz-lile)e 


¢ The degree of polarization and the “position angle” depend on 
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¢ Thus modeling of what we see must also predict the degree of 
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¢ July 1968 — Lithium-block, “Thomson’”-scattering polarimeter 
flown on an Aerobee -150 rocket 
— Target was the brightest X-ray source Sco X-1 
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Fig. 1. (a) Schematic representation of the polarimeter concept. (b) Mounting of the polarimeter 
and ancillary equipment in the rocket. 


Scattering polarimeter : 


e Thomson cross-section approximates the angular dependence 
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¢ Achieve as large a sensitivity to polarization as possible 
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MDP(%) = (4.29x104 / M(%)),/(R, + Rp )/4/ Ret 


¢ MDP is the degree of polarization detected at the 99% 
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e Mis the modulation from a 100% polarized beam with R, = 0 
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e Two instruments in one payload! 
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e 1971 Aerobee 350 
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e P=15% + 5% 
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Crystal polarimeters on OSO-8 = SS 


= 
= = i 


a Room Oho Oo meiayssii- lm ele)t-lslenlclicis 
¢ Precision measurement of integrated emission from the Crab 


Nebula polarization at 2.6 keV 
¢ P=19% + 1% 
© @=156 + 2° (NNE) 
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Next Came the Stellar X-ray P 
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e Planned to fly on the Russian Spectrum-X Gamma Mission in 
the early 1990s 
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* Soviet Union Collapsed 


--- never launched 
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e The direction of the initial K-shell photoelectron is determined 
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e Austin & Ramsey 1992 

e Pixelated Gas Multiplication 
¢ Costa et al. 2001 
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e Black et al. 2007 
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¢ Opens a new window on the universe — imaging (30") X-ray 
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e Addresses key questions, providing new scientific results and 
constraints 
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— Was our Galactic Center an Active Galactic Nucleus in the recent past? 
— What is the magnetic field structure in synchrotron X-ray sources? 
— What are the geometries and origins of X-rays from pulsars (isolated and 
accreting)? 
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— Reduces observing time by a factor of 100 compared to OSO-8 
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— Is free of false-polarization systematic effects at less than 0.3% 


— Enables meaningful polarization measurements for many sources of 
different classes 
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e Three sets of identical X-ray mirror modules and imaging, 
polarization-sensitive detectors 


IXPE deployed 
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IXPE Mission Overview = 
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= Pegasus XL launch from 
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Electroformed X-Ray Optics @MSFC = = 


PN a (Om (2r-1-1 1110-9] OD.) M(reled (19) HERO/HEROES 
8 Modules, 28 shells, 7 Modules, 7/10 (okt Kore) a)) 
qualified and delivered shells, 8 Modules, 13/14 shells, 


for flight in 2018 flown in 2012 & 2014 latest flight in 2013 


The X-ray mirrc 
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4000 mm 
600 mm 
162-272 mm 
0.16—0.26 mm 
Electroformed nickel—cobalt alloy 


230 cm (@ 2.3 keV); >240 cm? 
(3-6 keV) 


< 25 arcsec 
12.9 arcmin square 


The IXPE Detectors 
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The polarization sensitive detectors - 


15mm x 15mm 
He/DME (20/80) @ 1 atm 
50-um thick beryllium 
10 mm 
copper-plated 50-um liquid-crystal 
polymer 
50 um triangular lattice 
300 x 352 
Hexagonal @ 50-um pitch 
< 123 um (6.4 arcsec) @ 2 keV 
0.54 keV @ 2 keV (« VE) 


Measure black-hole spin in twisted space-time 


e For a micro-quasar GRX1915+105 in an accretl 


ofe)aaylarelicremsitelic 
— Scattering polarizes the thermal disk emission 


— Polarization rotation is greatest for emission from inn 
¢ Inner disk is hotter, producing higher energy X-rays 
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Map magnetic field of synchrotron sources 


¢« Probe sites of cosmic-ray acceleration: Cas A 
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Cas A image at IXPE 
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¢ Magnetar is a neutron star with magnetic field up to 104° Gauss 
— Non-linear QED predicts magnetized-vacuum birefringence 
¢ Refractive indices of the two polarization modes differ from 1 and each other 
¢ Impacts polarization and position angle as functions of pulse phase 
— Example is the magnetar 1RXS J170849.0-400910, with an 11-s pulse 
lel=yarele! 
e Can easily exclude QED-off at better in 250-ks observation 
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WAS SGR A* RECENTLY 10® X MORE ACTIVE? 
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¢ Galactic Center molecular clouds (MC) are Known X-ray sources 


— If MCs reflect X-rays from Sgr A* (Supermassive black hole in the Galactic 
center) 


e X-radiation would be highly polarized perpendicular to plane of reflection and 
indicates the direction back to Sgr A* 


¢ Sgr A* X-ray luminosity was 10° larger = 300 years ago 


PHASE-RESOLVED POLARIMETRY: CRAB PULSAR 
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Grey = optical 
¢ Emission geometry and processes 
are unsettled 
sem One) 00] el=201 ale manreleliicm easel (emelliicialale 
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e X-rays provide clean probe of 
geometry 
— process entirely different in radio band 


— We recently discovered no pulse phase- 
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degree and position angle @ 1.4 GHz 


— Absorption likely more prevalent in 
Vi KS}] 0) (mm eY-are! 
¢ 140-ks observation gives ample 
Statistics to track polarization 
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¢ Active galaxies are powered by supermassive BHs with jets 
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X-rays 
¢ Two Ultra Luminous X-ray sources (one to SW on detector but 
alelMVAKjle)(oMlamonr-laevenl|atecie[Ur-la-mells)e)(-\Ao10m K-10] 16) ap) 


a 


Region | MDPgp, 
<7.0% 
10.9% 


~42°58'00.0" pees 


17.6% 


~43°00'00.0" 


16.5% 
23.5% 
30.9% 
14.8% 


—_ 
S 
o 
So 
NN 
Ps 
Qo 
a 
QO 


Counts/pixel 


36.005 30.005 13h25m24.00s 
RA (J2000) fates lUlolXom oui (cre tome) imei (Ult(e)am ehvme la) ele)t-laracze| 


OliULSXomsvanlissiela 


" 
Se SR ee 


